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To all whom it may concern:

Beit known that I, PAUL RUDOLPH, doctor
of philosophy, a subjeet of the Duke of Saxe-
Altenburg, residing a% Jena, in the Grand
Duchy of Saxe-Weimar, German Empire,
have invented a new and useful Object-Glass,
of which the following is a specification.;

The object of my invention is to provide a
photographic objective which, while having
a great intensity of light and over a wide field
of view being well corrected as to astigma-
tism—that is to say, producing an anastig-
matically - flattened image—meets even ex-
ceptional requirements as regards chromatic
andspherical correction. This object is at-
tained by rendering the principle of correc-
tion embodied in Gauss’s telescope-objective.
serviceable for the purposes of the present
invention.

Tigure 1 represents the telescope-objective
of Gauss. Fig. 2 represents an objective con-
structed according to the present invention.
Fig. 3 represents a doublet objective com-
lngsid of two object-lenses of the improved

ind. : :
As is well known, Gauss has demonstrated
that a double-lens objective enables both
chromatic and spherical aberration to be cor-
rected with great aceuracy for a compara-
tively large aperture if such compound ob-
ject-lens be constructed as illustrated in the
section Fig. 1 of theaccompanying drawings—
that is, if it consists of a convex-crown-glass
meniscus A and a convexo-concave flint-glass
lens B, the two surfaces whereof, which are
turned toward each other and are separated
by air, differing materially in their curva-:
tures, so that they may not be cemented to-
gether. Unlike the types of object-glasses
of Fraunhofer, Littrow, and others, in which
the faces turned toward each other hayve
practically equal curvatures and are gener-
ally cemehted together, the type of objective
devised by Gauss is liable to undergo on the
basis of a proper distribution or arrangement
of the curvatures a correction of the spheri-
cal aberration for two different colors, so that
the so-called “‘chromatic” difference of the
spherical aberration is done away with and
both aberrations are effaced over an area cor-
responding to a large aperture.” Objectives
of this description have been repeatedly and
successfully applied to astronomieal tele-
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scopes, both the arrangements of lenses that
are practicable—viz., crown first and flint
first—having been tried; but before the pres-
entinvention no advantageous application of
this type of compound lens to photographic
objectives has to my knowledge been either
made or deemed feasible. Such application
is attained in the first place by imparting to
Gauss’s objective the property of producing
an anastigmatically-flattened image, (which
is so désirable for photographic-lens systems,
but which has hitherto not been realized in

the said objective,) and, secondly, by achro--

matizing such anastigmatic objective in a

'novel manner satisfactory for photographic

purposes. In attempting to attain thisresult
considerable difficulty has been experienced,
owing to the narrow range of suitable sorts
of glass. - : o

It has been found that in an objective of
great aperture a perfect anastigmatic flatten-

ing of the image may be secured only with

lenses-either of .considerable thickness or
placed at a great distance apart. Further-

‘more, a sufficient chromatic correetion, while

attainable in the astronomical objective with
any given pair-of crown and flint glass, which
need not produce an anastigmatically-flat-
tened image and which has hitherto been con-
structed with lenses of but little thickness
and placed at a short distance from each other,
in an anastigmatic objective of a compara-
tively large aperture may be insured only
where the dispersive power of the flint-glass,

an , has a com-
: n—1
paratively great value—viz., about double the
value of the dispersive power of the crown-
glass. Such a pair of lenses, however, is un-
suited for photographic purposes, inasmuch

as expressed by the formula

‘as it would have to comprise a very heavy

flint-glass. According to the present inven-
tion this drawback is obviated in the follow-
ing manner. ‘

In the lens system shown in Fig. 1 either
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one lens, A, or the other lens, I3, or both, con- |

sist each of a positive (bicenvex) lens and of
a negative (biconcave) lens cemented to the
first and formed of glass having the same, or
nearly the same, refractive power as the glass:
of the positive component, but different dis-_
persive paower.
regards all the effects dependent upon refrac- -

A lens so composed will, as~
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. tion—viz., focal length, the location of the

10

cardinal points, and spherical aberration of
every description—De exactly identical with
a single homogenecous lens- of like exiernal
curvatures and equal thickness, while as re-
gards .chromatic dispersion the compound

.lens is equivalent to a single lens with like

curvatures and of alike thickness,but made of

" glass having a dispersive powerdifferent from

those which actually occur in either part of
the combination. More specifically, the re-
sulting dispersive power of the compound

_lens is less than the least dispersive power of
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the component lenses—that is tosay, the com-
pound-lens’is achromatic or partially achro:
matic—if the positive component (in case the
compound lens is a positive lens A) or the

negative .component (in case the-compound-

lens is a negative lens BB) consists of glass of
less dispersive power, and the resulting dis-
persive power of the compound lens is greater
than that of either component—that is to say,

- the compound lens is hyperchromatic—if (in
- case the compound lens is a negative lens 13)
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the positive component is formed of glass of
less dispersive power than that of which the
negative component is formed. The former
fact agrees with the well-known rules of

.achromatization of lenses and the latter with
‘the demonstrations respecting hyperehro-

matiedispersing-lenses contained in my pend-

ing application for patent; Sérial No. 598,2¢1.
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The. value of the resulting. dispersive power
of the compound lens in all these.cases de-
pends upon the values of the dispersive power

components and upon the ratio of the total
curvatures or of the focal lengths of both com-
ponents. It depends, consequently, if the
outer curvatures of the compound lens arc

‘given, upon the radius of curvature common

" totheinner surfaces nnited by cement. Such

45

" lenses A and B of a lens system of the Gauss.
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value may therefore be.catculated in each in-

dividual” case by means of well-known for-

mulee. . o ‘
By the stated manner of composing the

type every required ratio of their dispersive
powers may be realized without eausing the

glass of:the same thickness and outer curva-_
tures as regards the effect of refraction and

the spherical aberrations by which refraction

-is attended.
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‘In order to correct éphérical aberration and
to anastigmatically flatten the image, the
outer curvatures and thicknessesof thelenses

_ A and B eonsequently may be determined be-

6o

.65

forehand regardless of the dispersive powers
of the particular kinds of glass to be em-
ployed, while the ratio of the resulting dis-
persing powers of the lenses A anhd B requisite
for the proper correction ‘of the chromatic
aberrations can be readily established subse-
quently by properly determining the inner
radius of curvature of the components td be

cemented of either or ‘both lensés. In the
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k
#
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practice of this method values of the said

ratio result, which in the case of non-com- .

-posite’ lenses could only be obtained by em- 7

ploying a flint-glass of a very high dispersive

‘power, but which with lenses constructed as

above explained are prodiuced by erown and

flint glasses, exhibiting but slightty different

dispersive powers, provided such glasses pos-
sess an equal, ov approximately equal; rofrac-
tive power. ]
these requirementsin sufficient range of gra-
dations form part of the kinds'of optical
glass which are constantly for sale at the
Jena Glass Works. The condition of iden-
tical refractive power need only of course
be fulfilled approximately, inasmuch as slight,
differences in-the imdices of refraction De-
tween the cemented components, even where
the curvature of the inner surface is very
marked, influence the corrections to only a
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Pairs of glasses which neet -

8o

85

comparatively insignificant extent and may -

be casily introduced into the computations.
Indeced, a little difference in the refractive

‘power—say a few units in the third place after

the decimal point—may even prove advan-
tageous, sinee, owing to such a difference,

-a more perfect equalization of the so-called

‘‘zones” of the spherical aberration may be-
come feasible. Apart from this no essential
variation or departure from principle is in-
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volved in the construction of object-pieces of

the new type should some medium othér than
air be interposed between the constituent
parts of such objeet-piece, the ome iinportant

| condition being that such separ#ting or spac-
of the glasses employed in: formning the two"

ing medinm should possess an uneommonly

100

small exponent index of refraction in com- -

parison with the exponents of the different

| kinds of glass employed. ‘

The objective producing an anastigmatic-
ally-flattened image, as herein. desecribed,
should preferably be corrccted by placing
the diaphragm in front of the objective, as
illustrated by way of example in Fig. 2 of
the drawings;.but it will still display a no-
ticeable ‘‘coma,” and, like any anastigmatic
objective with the diaphragm in front of it,

it will be attended with the defect of orthe- -t

; " scopic distortion of the image. These two-
lenses to differ from non-composife lenses of

105

drawbacks may without difficulty be obvi- . . -

ated, however, by constructing a double ob-
ject-glass with a central or intermediate dia-

-pliragm, the objective hereinbefore described
'| being utilized as one of the constituent ele-

ments thereof. An example of this modified
form of the improved object-lens is given: in
Fig. 3. o ' L

In the following examples, given by way of

troduced the following symbols: :

The letters 7' 72 1° r* +° designate the radii
of the spherical ground-lens surfaces. -

'd' d* @ are the. central thicknesses of the

lenses. S L
b indicates the central distance between -

the diaphragm and the lens; d°, the central
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_illastration of some forms of the new objee- . .
‘tive represented 'in Figs. 2 and 3, I have in-

t3c;
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‘a front diaphragm, asshown in Figs. 2.
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distance between the main parts of the lens
system; T 1.2 L3, the lenses themseclves, and
D the diameter of the lenses.

In the following tables radii, thicknesses,
and diameter of the lenses are expressed in
relative numbers, the foeal length of the com-
plete objective being taken as a unit. By
simply multiplying these numbers by the
focal length required in any given case the
dimensions of an objective  possessing the
requisite focal length will be found.

In order to characterize tho different sorts
of glass employed, thereare given the refrac-
tive indices n' and n'', relating, respectively,
to the D line of the solar spectrum and to the
1y line of the hydrogen spectrum.
for each kind of glass the value of the dis-

. . Lono. . .
persive power —-7~1- is mentioned, An being
n—1

calculated forthe interval between D and Ily,
while for n the value n” is adopted.
Example 1: An astigmatieally, spherically,
and chromatically corrected object-lens with
The
relative aperture of the objective is equal to
one-ninth of the focal length. The objective
consists of two components separated from
each other by air, the negative component
being a single Iens 1./, while the positive part
is made up of a dispersing-lens 1.2 and of a
colleeting-lens I.%, both cemented together.
The refractive indices of both scrts of glass
employed in making the lenses 1.2 and 1.3 are
approximately equal, while the glassof which
the lens 1.2 is formed is the one possessing the
higher dispersive power of the two.
Dimensions for a foeal length=1
Maximum relative aperture=.111.
Thicknesses and

5 qes

Rudic. Dislunces.

= 1164 ('=.0320

= — 2915 ?=.0172

M= —1.6097 (P=.0222

M= 2708 d'=.0086

P=— 1760 b =.0197
Descriptions of Glass.

il nt’, on

) n—1

[:1.57210 1.58997 .03124

170 1.51158 1.52344 .02318

L3 1.51111 1.52127. .01988

Besides,-

Example 2: An astigmatically, spheriecally,
and chromatically corrected doublet objec-
tive withan intermediate diaphragm. (Shown
in Fig: 3.) Relative aperture one-fourth.
The objective is constructed symmetrically
in relation to the intermediate diaphragm,
each part consisting of two pieces separated
from each other by air, the positive piece
consisting of the single lens L%, while the nega-
tive piece is made np of the positive lens L?
and of the negative lensL’, cemented thereto,
the refractive indices of L? and I being ap-
proximately equal, but I.” having the higher
dispersive power.

Dimensions for a focal length=1
Maximum relative aperture=.25

Thicknesses and

Radit. Distances.
P=—r"=— 1054 ' =.0411
1= —p¥=4 4370 d?*=.0514
= —p¥ = = 3599 d*=.0308
M= — V= —1.5424 d’=.0026
1= —r¥=— 3147 b =.0514

Descriptions of Glass.
D PN Ln
nP. no, P o
I.: 1.57631 1.50227 .02769
12=13:1.57244 1.58512 .02215

What I claim, and desire to secure by Let-
ters Patent of the United States, is—
A compound objective which gives an an-

.| astigmatically-flattened image, consisting of

two lenses (separated from each other by a
medium of little refractive power), viz: one

" positive lens and one negative lens, at least

one of which lenses is made up of two con-
stituent parts united by cement and formed
of two different sorts of glass of unequal dis-
persive power but nearly equal refractive
power, essentially as shown and deseribed.

In testimony whereof T have hereunto set
my hand in the presence of two subsecribing
witnesses. o

PAUL RUDOLPH.

Witnesses:
‘RupoLrH FRICKE,
O1T0 WORDERLEIN,
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